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the  influence  of  the  interactions  at  the  air-sea  interface. 
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Figure  1 


Atmospheric  arid  Oceanic  Mixed  Layer  Gbservat 
during  CEWCGM-7S.  <a>  potential  temperature 
pro-files  (b)  acoustic  sounder  record  <,c;  1C' 

meter  wind  speed  <d>  19  meter  and  surface 

temperature  ( e>  XBT  traces. 


/  • 

a 

. 


h 


FT 


III.  MODEL  DEE  CP  I  FT  I  CM 


A.  THE  A i 5 -SEA  INTERFACE 

The  atmospheric  arid  oceanic  boundary  layers  are  t'oi 
by  the  boundary  conditions  o  f  the  air -sea  interface.  T1 


boundary  conditions  are  the  exchanges  of 


momentum,  and  radiation  which  occur  at  or  across 
interface. 

The  atmospheric  boundary  1  aver  (ABL>  consists  of  a  c 
mo ist,  t  u  r  bu lent  we  1  1 -mi x  ed  1  aver  ( r  e 1  a  t i ve  t  o  u peer  a i r 
which  the  Quantities  of  equivalent  potential  temperature 
specific  humidity  are  considered  to  be  constant  w«  tn  *e' 
i he  wel 1 -mixed  1  aver  extends  from  the  sea  Surface  to 
capping  inversion  where  pronounced  changes  ''.jumps.1  m 
profiles  of  temperature  and  humidity  occur.  -do  e 
inversion  the  air  on  the  free  • qu a s i —  gee s t " o o 
troposphere  is  warmer  and  dryer  with  potential  tempera 
increasing  and  humidity  decreasing  with  height, 
turbulent  fluxes  of  temperature  and  humidity  at  the  =  jr 
and  at  the  level  of  the  inversion  tend  to  change  the 
of  the  well -mixed  quantities  over  time.  Turbulence  at 
i nver s i on  a 1  so  1 eads  to  the  en  t  r  a i nmen t  of  free  t  r odd s  ph 
air  from  above,  and  as  a  consequence,  the  upward  growth 
the  layer.  Large  scale  atmospheric  forcing  leads 
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The  lifting  condensation  level  (LCL).  which  ;■  a  rvct:  :r 
temperature  and  humidity  at  the  surface,  determines  me 
height  at  which  moisture  condenses  within  ar.  a:r  cancel  mat 
is  lifted  adi  abat  i  cal  1  y .  It  the  LCL  is  abo*  e  »ne  '  e*  e  :* 
the  inversion,  the  mixed  layer  will  be  cloud  tree.  ,'r, 
however,  the  LCL  is  found  to  be  below  the  inversion,  a  a.e* 
of  stratus  is  formed,  extending  from  the  height  of  tne  _CL 
to  the  top  of'  the  mixed  layer. 

The  presence  of  stratus  in  the  mixed  1  aver  n  a  =  pro*o:  '• : 
ertects  on  the  radiation  budget,  and  hence,  me  e  :  .  - .  - 
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separated  from  the  dynamical  I y  stable  tree  ocean  below  c . 
the  seasonal  thermoc  I  ins,  where  the  gradients  ot  mcmen  t  j.t 
and  density  change  abruptly.  Sotn  temperature  and  sal : n i t . 
are  assumed  to  be  homogeneous  in  the  GBL.  Den  si  t  or 
buoyancy  is  dependent  upon  both  temperature  and  sal  in; tv. 
However,  in  this  study,  temperature  is  considered  to  be  the 
most  important  quantity,  since  the  relative  contribution  ■->  * 


sa'initv  t  ;  csnsi  iv  changes  over  snort  time  se  a  -  es  :  s 
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lever  is  mai  n  t  si  nea  by  turbulence  created  in  r  esc  or  se  : 
fluxes  of  momentum  and  buoyancy  at  the  surface.  If 
combined  effect  of  the  surface  fiuxes  is  to  cause  cool: 
the  surface,  free  convective  mixing  will  occur.  The 
generated  downward  flux  of  momentum  and  the  eroces 
forced  convective  mixing  may  provide  sufficient  tore 
Kinetic  energy  tTKE)  to  erode  the  thermoc  line  and  deepe 
mixed  layer  through  entrainment.  Conversely,  a  shal 
mixed  layer  will  develop  if  tne  effect  of  the  surface  f 
is  to  oroduce  net  warming  at  the  surface  and  assoc 
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occurred.  Profiles  of  the  assumed  structure  of  tne 
hSL  are  depicted  in  Figure  2. 

B.  THE  COUPLED  MODEL 

The  two  boundary  layer  models  were  first  couole 
O'Laughlin  '  1  982)  .  The  combined  model  consists  of  the 
model  described  bv  Stage  and  Bu singer  (  1 9 S 1 .>  wnich 
modified  by  Davidson  et  al  (1983)  and  the  OBL  mode 
Garwood  ( 1977) . 
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ana  sour: 

e  is  equal 

to  Fnh-Fne  ;  ,yo  Cp  for  *=§,»  and  eo 

zero  "for 

x=q.  Fn  is 

t h e  net  radi  ati v  f  i  u x  .  The  s u to. s c r 

and  h  r 

efer  to  s 

ur  face  and  inversion  height 

resoec t iv 

e  1  y . 

Bu  1  k 

aer ooynami c 

formulas  are  used  to  determi 

surface  fluxes  of  momentum,  sensible  heat  and  water  v 

uS  = 

-  >&. 

L-d  U 

T*  = 

h 

Co  ( 0  -0> 

q*  = 

Co  <  q  -q) 

IS 


( u '  w '  >  =  u  if 


(T'w  )  =  uxTM 


(q'w')  -  ufqf 


where  uf  is  the  -friction  velocity,  the  subscript  z  ere 
denotes  the  sss*5ur  *■  ace  quanti  ty  and  Ld  sod  Co  ?,r  e  trie 
stability-dependent  drag  and  exchange  coet f 1 c i en ts . 

The  entrainment  velocity  parameter i r  cion  of  Stage  and 
Businger  <1981)  is  used  to  close  the  system  of  ecu*  tier  5. 
This  closure  assumption  is  that  the  dissipation  c*  t -r  c  u  ;  : 

kinetic  energy  is  a  fixed  fraction  of  the  product  ion  rate. 

The  long  and  short-wave  radiation  fluxes  are  computed 
separately.  The  long  wave  net  radiation  f  1  u  <■  in  tr.e  c : 
case  is  calculated  as  a  function  of  tne  cloud  zzc 
temperature  and  the  effective  radiative  sky  temperature 
using  the  Stef an-Bol zmann  law.  In  the  cloud-free  case,  the 
net  long  wave  flux  is  calculated  from  the  water  ■  -apor  ?r-d 
temperature  profile.  The  net  radiation  fiu.es  are 
calculated  at  the  height  of  the  inversion  and  at  tne  surf  see 
using  the  method  < FI  eagle  and  Bu singer,  1988'  of  integrating 
the  flux  emissivity  profile.  In  the  cloudy  case  effect:  e 
sky  temperature  is  obtained  by  integrating  from  the  cloud 
too  upward. 
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The  sn  or  t  -wav  e  r  a  a  1  a  t 1  on  *  I  u  x  is  ■:  a  i  ucj  i  a  t  sc 
de I t a-Eddi ng t on  met  nod  '.Joseph  et  si  .  I  ?  7*  •  .  Tne  ;  :  :  :  :?  • 
r'lux  at  tne  top  of  the  mixed  !  aver  1  =  obtained  f  *  cm  :r  e  *  - 
•at  the  top  of  the  atmospher  e  and  the  aver  age  t r  an  am i  t  :  an ■: 
in  each  of'  15  Pands  covering  tne  spectrum  from  0.2  urn  to  .. 
urn.  The  application  of  this  method  is  described  b Fair-,1 
ft  al  C 1 ?S 1 )  . 

The  OBL  model  of  Garwood  (197?)  is  a  one-dimens l on  a  I 
second  order,  bulk  rriodel  .  It  uses  the  Navi  er -Stoke 

equation  of  motion  with  the  geostrophic  comconen 

eliminated,  the  continuity  equation,  the  heat  equation  fro 
the  first  law  of  thermodynamics,  the  conservation  o*  sa i 
ecu  a  1 1  on  ,  and  an  analytical  equation  o*  state.  a,  buc  .  a*- : 
equ  a  1 1  on  i  s  gen  er  a  t  ed  f  r  om  tne  n  eat  and  salt  ecu  a  t »  - 
together  with  the  equation  of  state,  where  conservation  o 
buoyancy  is  employed  as  a  generalisation  of  the  c  on  ser  v  a  1 1 
of  heat  and  salt  mass.  Separate  vertical  and  hor l son  t  a 
equ  a  t  i  on  s  f  or  t  u  r  bu  lent  kinetic  en  er  gy  (  T  K  E  )  are  u  sed  w  i  f. 
system  closure  obtained  by  mean  turbulent  field  modeling  o 
the  ver ticat ly  i n  t  egr  a  t  ed  equ  a  t i on  s  f  or  the  in  d i v i dual  T  k 
components,  plus  inclusion  of  the  bulk  buoyancy  and  moment u 
equ at i ons . 

The  fluxes  of  momentum,  radiation,  and  latent  an 
sensible  heat  at  the  sea  surface  determine  whether  the  mode 


will  react  in  the  retreat  (shallowing)  or  entrainmen 
(deepening)  mode.  If  there  is  a  positive  buoyancy  flux  as 


1  * 


r  e  s  u  it  o  +  c  o  o  1  i  r:  cj  a.  t 

wtind-geriff  .jfai  Tf- E  f or  m i 
deepen.  It  the  surtscs  t  i  u 
surtsce  a  s h a  1 1 ow er  m i x e d 
•s  tress  is  not  I  sroe. 


st!  r  t  see 


6:  •  i.-.C  tO  a  net  v.i-a.-.T«i  u 

aver  Mi  1  1  -form  provide-: 


C.  MODEL  COUPLING 


Coup  ling 

of 

the  atmo 

sp her  i  c 

and  oc 

ean  i  c 

mode  1 

accompl i shed 

by 

matching 

their 

r espec t 

i  ve 

f  1  uxes 

momen  turn ,  sen 

si  bl 

e  heat,  la 

tent  heat,  and  r 

adi a  t i 

on  a  t 

sir -sea  in  ter -face.  The  +‘  luxes  of  momentum,  latent  heat, 
sensible  heat  are  calculated  by  the  atmospheric  mode' 
tu  i  k  formulas  as  functions  of  wind  veioci  tv.  numicit’.  . 
the  air-sea  temperature  difference.  These  flutes 
calculated  at  each  time  step  for  use  ov  the  atmeson 
model  ,  but  are  also  passed  to  the  oceanic  model  *cr  its 
after  unit  conversion  <MKS  to  CGS>  .  The  net  lone- 
radiation  flux  -for  use  by  the  oceanic  model  is  calculate 
the  atmospheric  model  as  a  function  o  f  sea  sur 
t  empier  a  t  u  r  e  and  the  doMriMard  flux  o  f  1  ono-wava  radi  a 4 1  on 
the  inversion.  The  incident  short-wave  radiation  at  the 
surface  is  calculated  by  the  del  ta-Eddi  noton  .method 
discussed  in  the  description  of  the  atmospheric  model. 

The  separately  -formulated  atmospheric  and  oceanic  mo 
were  originally  devised  to  be  numerically  integrated  u 
different  time  steps.  The  atmospheric  model  has  a  time 
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ter  sc. 
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D.  MODEL  INITIALIZATION 

Initial i 2 *  t i on  of  the  *  tmos oh er i c  mode )  r  equ i r e 
direct!  v-measurab  1  e  quantities,  of  air  temperature,  so 
humiditv  and  sea  surface  temperature,  plus  quantities 
can  be  routinely  obtained  f r cm  an  atmospheric  sou. 
Mixed  layer  winds,  subsidence,  and  thermal  and  moi 
advection  must  be  prescribed  for  each  time  step  our • - • 
model  run,  and  must  be  obtained  from  means  other  than 
measurement,  such  as  1  arete  scale  synoptic  for 
Accurate  prediction  of  subsidence  mav  be  parti 
difficult  to  obtain,  b  1  e a s o n  (.1982)  e x am i  n ed  s e v era' 
for  predicting  subsidence.  He  found  that  even  t h 
accurate  method  suffered  from  a  1 arqe  standard  dev 
The  atmospheric  mode  I  is  very  sensitive  to  sub 
var i a t i on . 

The  oceanic  model  requires  temperature,  sal  ini t 
velocity  profiles  for  initialization.  In  most  cases 


m st  of  Quantities  Required  to  Initialize  the  Z 


-tSL  MODEL: 


Obser  ved  Gu  an  t  i  1 1  es 

Time  of  Observation  (Start) 

Julian  Day  <JDAY> 

Latitude  ( LAT) 

Initial  I  nverei  on  He  i  gh  t  (  Z  l ) 

Sea  Surface  Temperature  < SST) 

Mixed  Layer  Potential  Temp  (TH) 

Jump  in  Potential  Temp  at  Inversion  tDTH 
Po  t  en  t  i  a  1  T emp  Lapse  Above  I  river  s i  on  '%  DT 
Specific  Humidity  in  the  Mixed  Layer  QP 
Spec i f i c  Hum i d i t y  Jump  at  the  I nver s 1  on 
Spec i f i c  Humidity  Lapse  Rate  Aoove  Inver 

Prescribed  Quantities 
Su bs i den  c  e  ( W s ) 

Thermal  Advec t i on  (DTDT) 

Moisture  Adject  ion  •  DQOTi 
Wind  Speed  <Ui@> 


GBL  MODEL : 

T emper  a  t  u r  e  Pr of i 1 e 

Mixed  Layer  Depth  (H> 

Jump  at  the  Base  of  the  Mixed  Layer  (DTO 
Gradient  Be' cm  the  La y e r  ( D T 0 D Z > 

Sa i l n i ty  Prof i 1 e 


L'e  1  oc  l  ty  Prof  l  1  e 


I  '•  j  .  ME  i  HODS 


Sensitivity  analyses  to  determine  major  differences  :  r- 
tne  response  ot  tne  coupled  ABL—06L  model  versus  those  of 
the  uncoupled  models  were  conducted.  In  the  coupled  model  , 
the  only  contribution  the  OBL  model  males  to  the  hE'L  mode' 
is  sea  surface  temperature  *■  S  S  T  <  ,  hence  uncoupl  ino  c*  ?ne 
A8L  model  is  achieved  simply  through  setting  the  zz~ 
constant.  Un  coupl  ing  1  s-  achieved  1  n  the  uE-L  model  b'-- 
maintaining  the  atmospheric  values  of  temperature,  humidity 


and  long  wave  radiation  constant. 


▼  ’  u  -  e  s 


temperature.  moisture.  and 


.  '->n  u  i * 


determined  only  by  changes  of  tr.e  ocean  thermal  structure  :  r. 


relation  to  a  constant  atmosphere.  The  momen  turn  and  snort 
wave  radiation  fluxes  are  provided  to  the  uncoupled  OS- 
model  in  the  same  manner  as  in  the  coupled  -iEl-GBl.  model  . 


The  analyses  were  conducted  bv  performing 


separate  ABL  and  OBL  mode  1 s  were  initialised, 


series  ot 


as  tar  as 


applicable,  with  the  same  set  of  initial  conditions.  The 
prescribed  variables  of  wind  speed,  subsidence,  thermal 
advec t i on ,  and  moisture  advection  were  systemat i c a  I  1 y  varied 
to  determine  conditions  where  the  coupled  model  responded  in 
a  significantly  different  manner  from  the  separate  ABL  or 
OBL  models.  Although  simulations  were  conducted  with  a 


v  a  r  i  e  ?  v  o  t  o  c  e  a  n 


2  n  c  i  y  c  i  "•  c 


or ot; i*:, 

jhil  1  ow  mixed  levers,  f  or  reason;  wn  i  c  n  wi  ■  i  oe  c :  jc.ssf:  2' 
a  subssauen  t  section,  on  i  y  ana  i  low  mixed  1  aver  s  ac-cear  i 
have  a  significant  iiTipact  on  the  coupled  model's  predicted 
evolution  of  the  atmospheric  layer.  Conseauen t i y ,  most 
examples  presented  deal  primarily  with  results  cbtainer 
using  on  1 y  sh a  1 1 ow  m i x ed  1  aver s . 

Model  simulations  were  initialized  from  soundings 
obtained  during  the  Cooperative  Experiment  on  West  Coast 
Oceanography  and  Meteorology  (Fair-all  et  al  .  ,  197?)  from  2*. 

September  to  12  October  1976  ( CEMC0M-7S)  and  CEWCC0M-7S 

(Fair all  et  al  .  ,  1978)  from  5  to  23  May  2  978.  Both 

ex  oer  i  men  t  s  were  conducted  off  the  coast  o*  soutne-'* 
California  in  the  vicinity  of  the  Channel  Islands.  Lists 
the  initial  conditions  for  each  of  the  model  simulations 
discussed  in  the  results  section  are  included  in  Tables  I! 


+ 


Values  of  initial  quantities  held  coni 'ant 
CASES 


I 


START 

1990 

JDAY 

2.  T  ~P 

LAT 

35 . 0 

LCL 

67 7 . 8 

TH( deg) 

19.  S* 

DTH <.  dec) 

3.5 

SST ( deg) 
21 .  i 

GP<  q/ Kg) 
10.2 

DGP ( q/ K g 
-2.4‘ 

Value  ct 

prescr 1  ted 

quantities  D 

CASE  U IB 

Ws  DTDT 

[•GOT  a 

m/s  m/s  d eg/ day  g/day  m 


Z  1  •  m .< 
sS .  .  ym 


DQDZ < 9/ k 
— 0 . 0  0  25 


.-1  c-  c. 


DTD  DTOZ'Z 
deg  aeg-  ^ 


Values  of  initial  qu  an  t i t  i  e  = 


START 

J  DAY- 

LAT 

Z  1  tTi 

0536 

140 

35 . 0 

351. 

LCL 

TH<  deq) 

DTHC deq) 

DTHC' 

316 

12.0 

12.7 

0 . 0  0 

SST  <  deg) 

QF  (  g/  k  g) 

DQP ( g/K q) 

OGDZ 

14.0 

7.35 

-4.5" 

-0 . 0 

'■/ a  1  u ©  or  or  esc r  1  D©d  qu  an  tit:  ©  = 


U.  gESUL 


A.  STRATUS  FORMATION 

h  primary  goal  of  this  study  is  to  determine 
conditions  under  which  the  coupled  (node!  will  or  e  0 : 
stratus  ■formation  differently  from  that  of  tne  uncoupled  >■ 
mode!.  The  results  of  coupled  model  and  uncoupled  aEL  mo-; 
simulations  which  demonstrate  this  are  presented.  Mc< 
simulations  are  initialized  with  an  atmospheric  sound 

taken  at  1908  local  from  the  CEWCOM-76  data  set.  In  t! 

case  the  wind  speed  is  set  to  a  nearly  constant  £.8  m.  = , 

thermal  advection  to  1.5  deg./dav,  the  moisture  ac  ec  * :  :  r. 
-1.0  g/kg/d  ay,  and  the  subsidence  to  -8.  OS'S  m,-  s  . 
remainder  of  atmospheric  variables  are  left  as  ooser 
during  the  CEWCOM-76  experiment.  The  ocean  mi  ed  !  a  -  e- 
initially  shallow  at  1.5  m  with  a  temperature  ..i  umo  of 
deg  at  the  base  of  the  mixed  I  aver .  The  below  la 

gradient  is  -8.15  deg/m.  The  initial  values  of 

variables  for  these  simulations  are  summarized  under  CASE 
of  Table  II. 

For  the  CASE  1  ABL  model  simulation  tFig.  4) 
moderate  value  of  subsidence  and  the  low  rate  of  entrainm 
due  to  light  winds  have  the  combined  effect  of  oecreas 
the  height  of  the  inversion  over  the  24  hour  period 


simulation  from  687  m  to  438  m 


As 


a  result  of  posit 


t'lcrTia! 


in  i  ncr  ease  a  r  ate  or  nsst  i  no  occur  =  as  so!  s.r  ;  •  c  ■  ?  * i 
becomes  a  •factor.  After  £2  hours  of  s  i  mu  1  a  1 1  on  •  1 ?  >?  -) 
solar  insolation  is  no  longer  e-f-fective  a  r.d  therm 
advec  t  i  on  is  balanced  by  a  reduced  sensible  heat  -flu;-  at  t 
sea  surface,  causing  the  air  temperature  to  become  cons* 
at  20.?  deg.  Through  evaporation  at  the  sea  surface  and 
relatively  low  rate  of  entrainment  the  specific  numioi 
increases  throughout  the  course  of  the  simulation  from  10 
g/kg  to  12.2  g/kg.  The  net  effect  of  the  increasing  a 
temperature  combined  with  countering  effect  of  incress: 
humiditv  is  to  reduce  the  height  of  the  LCL  from  •:•?'  m 
heigh t  approximately  20  m  above  the  height  of  the  jn.ers: 
and  to  maintain  the  slight  difference  through  the  course 
the  simulation. 

The  results  of  the  CASE  1  uncoupled  model  simulat'd 
where  stratus  formation  does  not  occur,  may  be  cemparec 
the  CASE  1  coupled  model  simulation  (Fig.  5) .  In  this  ca 
the  model  is  initialized  in  the  same  manner  e:ce 
variations  in  the  sea  surface  temperature  are  a! lowed 
influence  the  ABL  model  as  changes  in  the  ocean  therm 
structure  evolve.  Through  evaporative  and  sensible  cool: 
at  the  sea  surface  the  shallow  mixed  1  aver  erodes  rapid 
allowing  the  SST  to  quickly  cool  after  the  start  of 
simulation  (-2.0  degrees  in  12  hours).  The  cooler 


first  12  hours  of  simulation.  The  1  nereis: rg 
humidity  is  not  balanced  by  increasing  air  temper  a  tor 
the  LCL  falls  below  the  height  of  the  inversion  for 
layer  of  stratus  at  11  hours  after  initialisation, 
stratus  formation  the  atmospheric  layer  is  evolved 
differently  by  the  coupled  model.  As  a  result  of  ra 
coding  at  the  top  of  the  stratus  layer  the  temper  at 
the  atmospheric  layer  rapidly  decreases.  Entrainment 
radiative  cooling  increases  the  height  of  the  invers 
S24  m  and  introduces  dryer  air  into  the  sur-ace 
resulting  in  a  steady  decrease  of  tne  soec : 1 hum;  oi 
In  the  CaSE  1  model  simulations,  critical  ,-a ; 
t herma 1  and  moisture  advec  t i on  ar e  se 1 ec  t  ed  wh i c h , 
case  of  the  uncoupled  ABL  model,  maintain  the  height 
LCL  slightly  above  that  of  the  inversion,  an o  in  the 
the  coupled  model,  allows  the  LCL  to  tall  be! 
inversion  and  form  stratus.  The  critical  nature 
selected  thermal  and  moisture  values  in  the  C 
simulations  may  be  appreciated  by  a  comparison  witn  t 
2  simulations.  Here  the  prescribed  value  of  therm 
moisture  advec  t  ion  are  set  to  0.0  deg/day  ana  0.0  g. 
respectively,  with  all  other  variables  remaining  the 


t  ne 


I  r i  tn5  '.t-t  z *£  —  i-,c*L  mcie  :  s i mu  i  a  t 1  cn  '-Fig. 

;*  c:-  =  1  t  ive  thermal  advec  1 1  on  resy  1  ts  i  n  the  air  t  ernes-  a  t  - 
:  co '  i  ng  s  1  i  gr:  1 1  y  .  As  a  consequence ,  me  LCL  tj  1  !  •  be-cv  t 
inversion  and  stratus  -formation  occurs  after  4.5  hours 
simulation.  The  evolution  of  the  a.  tmo  son  er  i  c  la- 
predicted  by  the  CASE  2  coupled  model  simulation  ‘-Fig.  " 
quite  similar.  Again, the  air  temperature  decreases  slight 
Cal  though  at  a  greater  rate  than  in  the  ABL  model  case.1  a 
stratus  forms  after  4  hours.  The  effect  of  a  rsc-ic 
cooling  sea  surface  temperature  is  to  cause  the  formation 
stratus  one  time  step  earlier  in  the  coupled  model  cas 


Additionally,  because  the  air  temperature  is  1  •:••• 
throughout  the  simulation  ''differing  bv  -<?.5  oec  a-:s' 
hours',  the  final  height  of  the  LCL  is  predicted  to  re  :  i 
m  lower  by  the  coupled  model  .  Differences  between  a:  i  otr. 
atmospheric  variables  are  negligible. 

In  the  CASE  2  results  the  effect  of  the  racid  •  . 

3' -Z' T  i  s  not  as-  a p pa r e n  t  as  i  n  the  CAiz-E  i  results  wrier  e  t 
coupled  mode!  demonstrates  significant  differences  fr or  t 
uncoupled  ABL  mode!  .  Cl  early, the  relationship  between  t 
LCL  and  the  height  of  the  inversion  is  critical  to  whet.n 
or  not  the  coupled  mode!  behaves  much  different  I v  from  t 


uncoupled  ABL  model . 

B.  WIND  SPEED  EFFECTS 

The  effect  of  increased  wind  speed  on  the  mode!  resul 
is  demonstrated  by  the  CASE  3  simulations.  In  this  case  t 
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D  r  escribe  d  w  1  n  d  s  ere  i  n  c  r  e  a  s  ed  t  o  a  n  e  a  r 
!/in l  !  e  el  1  otner  veri  jsi  es  remain  :ne  same  as  :  *  I>-.rE  1 
do t m  the  co'jpl  ed  mocel  .Fig.  ci.*  a. r ; c  the  uncouo  <  so  r  _ 
(Fig.  ?')  simulations  the  effect  of  the  higher  wind  sees 
to  generate  greater  turbulence  in  atmospheric  1  aver  : 
turn  causes  a  greater  rate  of  en trainmen t  at  the  inver 
This  results  in  the  height  of  the  inversion  descending 
decreased  rate  compared  to  the  CASE  1  simulations.  -s 
LCL  tails  below  the  inversion  height,  after  4  hours  tor 
uncoupled  ABL  model  ,  and  after  5  hours  tor  the  cc 
model,  stratus  -formation  occurs.  This  differs  con  side 
from  the  CASE  1  results,  where  for  the  ABL  mode'  at 
formation  did  not  occur,  and  for  the  coupled  mcoe1 
stratus  formed  after  11  hours.  The  difference  De tween 
coupled  model  and  uncoupled  ABL  model  CASE  3  simulation 
mu c h  1  ess  drastic.  Even  t h ou gh  the  increased  w : r c 
produces  a  more  rapid  erosion  of  the  mixed  layer  anc 
the  SST  to  a  lower  temperature  than  ‘ in  CASE  1. 
differences  between  atmospheric  layer  quantities  crec 
bv  the  coupled  model  and  the  uncoupled  ABL  model  are  s! 
The  only  major  exception  is  air  temperature  which  h 
final  value  0.8  deg  cooler  in  the  coupled  model  Simula 
Clearly,  the  influence  of  coupling  the  separate  model 
more  important  in  the  light  wind  case  where  there  is 


tendency  for  the  system  to  be  dominated  by  the  effects 
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The  ef  f  ec  t  of  a  deeper  ocean  tii  •;  ed  ’  ayer  on  pe 
o  f  the  c  o  u  p  1  e  d  iti  o  del  rri  a  y  b  e  •  c  b  s  e  r  v  e  d  b  y  e  x  am  i  n  i  n  g  t  h 
results.  In  this  esse  the  model  is  initialized  with 
mixed  layer  depth  of  11.5  m  and  a  gradient  below  th 
layer  of  -0.15  deg/m.  All  other  initial  variables 
same  as  in  CASE  1.  For  the  coupled  model  simulatio 
10)  the  mixed  layer  erodes  from  an  initial  depth  of 
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13.9  m 

and  the  SST  c 
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t  o  2  0 . 8  d  e 
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insolation  is  effective  in  warming  the  sea  surf 
forming  a  shallow  mixed  layer.  By  mid-afternoon  the 
warmed  to  its  initial  value  of  21.1  deg.  The  effect 
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the  CASE  1  uncoupled  ABL  model  results  where  the  SST 
constant.  On  the  other  hand,  they  are  quite  differe 
the  CASE  1  coupled  model  resul ts  where  the  rapid  ere 
the  shallow  mixed  layer  and  consequent  cooling  of 


atmospheric  forcing  and  where  me  more 
S ~ T  changes  mav  have  the  iccor  *_n;  * .  • z 


promoted  the  formation  of  stratu 


are  -found  where  the  ocean  mixed  l  ayer  is  very  shal  ■  ow  an- 
where  there  is  a  relatively  large  jump  or  steep  gradien-  a 
the  base  of  the  mixed  layer,  as  in  CAiE  1.  The  effect 
become  increasingly  less  important  with  more  moderate  m:  e 


layer  depths  and  negligible  for  deep  mixed  layer 


(greater  than  3S .  0  m)  . 


D.  EFFECT  OF  COUPLING  ON  THE  OSL  MODEL 

The  advantage  of  predicting  the  evolution  of  tne 
boundary  layer  mi tn  the  coupieo  model  is  demonstrated  ;• 
results  of  the  CASE  5  simulations.  This  case  is  initia  ;  r  i 
with  light  winds  and  the  same  CEWCGM-76  sounding  as  Casc  i 
through  4.  The  temperature  and  thermal  advec t : on  are  set  * 
zero  and  the  ocean  model  is  initialized  with  a  11.5  m  n: 
layer  depth  and  a  below  layer  gradient  of  -9. 15  deg/m.  1 
t  h  e  c  a  s  e  of  the  u  n  c  o  u  p  1  e  o '  C  B  L  model  ‘Fig.  11 1 1 
atmospheric  variables  are  set  constant  maintaining  c’ear-s* 
conditions  throughout  the  course  of  the  simulation.  r 
cool ing  at  the  sea  surface  proceeds  through  the  nours  c 
darkness  the  mixed  layer  erodes  to  a  depth  of  14.1  m.  Afte 
16  hours  (1109  L  i  warming  by  solar  radiation  is  suff  icier, 
to  cause  the  formation  of  a  shallow  (2.8m)  mixed  layer  wh i c 


persists  through  the  afternoon  until  eroding  to  a  depth 


the  CE1-JCGM-7S  data  set  is  used  to  in  itia’ize  t.*e  me  de'  s 
a  72  hour  s  i  mu  ■  a  1 1  on  .  The  set  of  otser- -sc  ard  r*esf 
initial  c  on  di  1 1  on  s  <  -IriSE  •  is  c  on  t  a  i  red  i  r.  Tap  <  e  III, 
this  case  the  atmospheric  layer  is  initially  cloud  c  o:  * 
with  1  i  gh  t  wiirids  (2.5  m/s)  .  The  ini  tial  air  and  sea  sun 
temperatures  are  much  cooler  than  in  previous  enamo’es. 
12.8  and  14. 0  m  respectively  and  the  inversion  ;r : 
heights  are  lower.  The  ocean  mixed  layer  is  relative! . 
at  30.0m  with  a  below  layer  gradient  of  -10.0  deg.  In 
original  CEWCGM-78  sounding  the  air  temperature  was  oose 
to  be  only  slightly  lower  than  the  SST .  For  this  Simula 
the  air  temperature  is  lowered  to  2.0  deg.  below  that  : 
sea  surface  temperature  with  the  our  pose  to  :.tser'  e 
difference  between  equilibrium  states  achieved  pv 
coupled  and  uncoupled  AE'L  models. 

1 .  Dav  1 

As  a  result  of  the  imposed  light  winds  en  trammer 

ineffective  at  mixing  warm  upper-air  into  the  surface  1 

and  the  effect  of  radiation*!  cool ing  immediately  lowers 
air  temperature.  As  the  air  temperature  rapidly  falls 
LCL  lowers  and  the  stratus  layer  grows  thicker.  During 
first  4  hours  of  simulation  the  air  temperature  drops 
deg  and  the  LCL  has  fal 1 en  from  316  m  to  173  m.  Bv  4 
after  the  start,  solar  radiation  is  effective  in  reou> 
the  rate  at  which  the  air  temperature  falls.  Consequen 

the  height  of  the  LCL  is  maintained.  Since  the 


mai n tai ned 


rate 


•V 


1 


the  -first  24  hour 


atmosphere's  surface  1  ayei 
decreases  rather  steadily  throughout  the  first  24  nour  s .  -  * 

12  hours  after  initialization  <1700  L)  solar  radiation  is  no 
longer  effective  in  heating  the  atmosphere  and  the  air 
temperature  cools  rapidly.  In  response,  the  LCL  fails  a no 
by  the  conclusion  of  the  first  day  is  lowered  to  46  m. 

The  initial  response  of  the  coupled  model  <  F  i  c  .  Ns 
is  the  same  as  the  uncoupled  A6L  model  ,  except  mat  •»< i  t ms 
formation  of  a  shallow  mixed  layer-  a  considerable  warming 
the  sea  surface  results.  The  warming  of  the  sea  surface, 
from  14.0  to  15.2  deg,  reduces  the  rate  of  cooling  of  t re 
air  temperature  and  as  a  result  the  LCL  remains  merer, 
dr- opp i  n g  on  1  y  to  63.0  m  . 

2 .  Day  2 

By  the  second  da.y  of  simulation  both  model  s  oa-  e 
reached  a  near  equilibrium  state.  In  the  case  of  the 
coupled  model  <Fig.  14a)  the  mi  ;< e d  1  ayer  erodes  on  1  .  to  a 
depth  of  6.1  m  thus  maintaining  a  warmer  SSf  than  in  the 
case  of  the  uncoupled  ABL  model .  The  effect  of  the  warmer 
SST  is  to  maintain  a  higher  average  air  temperature  than 
that  exhibited  by  the  uncoupled  ABL  model  (Fig.  13b).  In 
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because  o+  trie  average  fucnsr  air-  ■  emc  er  a  "j  ra  z~  t*-e  ccuc  a 
model  the  LCL  f  a  1  Is  only  to  a  height  0+  44.  £1  m  comcar-ed  t 
23.0  m  -tor  the  uncoupled  ABL  mode!  . 

3.  Dav  3 

During  the  Day  3  simulation  (Figs.  13c  and  14.;.' 
pattern  o f  Day  2  is  nearly  repeated.  The  average  ai 


temperature  in  both  models  continues  to  deers 


s  l  1  on  t  :  . 


although  the  decrease  occurs  at  a  higher  rate  tor  tne 
uncoupled  model  .  In  -fact,  by  the  completion  of  the  third 
day's  simulation,  a  major  event  has  occurred.  In  t*  e 
uncoupled  ABL  mode’,  the  LCL  has  essentially  reacnec  :  - 
surface,  predicting  the  occurrence  of  fog.  In  the  case  c- 
the  coupled  model ,  the  LCL  remained  wel 1  above  the  surface 
a  t  38 . 0  m . 


While  this  c  ase  demon  =  crates 


differences  between  the  coupl ed  and  uncoupl ed  mode! 5 .  it 
must  be  noted  that  the  si  mu!  at  ions  were  conducted  •’•■■ii  c  h 
relatively  light  wind  speeds.  With  only  a  slightly  hign*' 
wind  speed  (4.0  m)  and  al 1  other  conditions  the  same, 
differences  between  the  two  models  become  neol  iic>!e.  The 
higher  wind  speed  prevents  the  formation  of  a.  persistant 
shallow  ocean  mixed  layer  by  the  coupled  model .  Thus,  the 
SST  is  not  appreciably  warmed  in  an  average  sense.  and  no 
additional  heating  is  provided  to  the  atmosphere. 


_  ■  .  k*  .  m  .  ■  _  «  •  a  ■  •  •  .  •  _  •  »*  .  t  ■  _  «  a  .  m.  . ' 


DEPTH  ( M )  5PE-EQm/S)  CHG/KGJ  TEMPERATURE  HEIGHTIM) 


QIG/KGI  TEMPERATURE 


' PrrniM/si 

DEPTH (ID  '  “  Q(G/KG)  TEMPERATURE 


I NV ( L ! ME J 


LCLIDBSHJ 

B1R  TEMP ( L 1 
SEB  TEMP  1 CF 

SPEC  HUM 


WIND  SPEED 


STRRT  TIME  IS 500 


6  72  Hour  ABL  Model  Simulation,  0 


TEMPERfiTURE 


PERflT 


A I  thou  oh  the  examples  discussed  in  this  study  wer  e 
seise  ted  to  empnssi ze  major  di f f er ences  in  the  response  *  - 
the  coupled  model  comc'ared  to  that  of  the  uncoupled  h:L 
modei  ,  under  most  common  1 y  occurring  conditions  differences 
are  minor,  and  there  is  little  advantage  in  the  predicti'-s 
ability  of  the  coupled  model  over  that  of  the  uncoupled  -*Ei_ 
model .  The  considerable  effort  required  to  define  those 
initial  conditions  under  which  major  differences  occur  seems 
t  o  bear  this  ©u  t  .  !  n  a  dd  i  1 1  on  ,  u  n  c  er  t  a  i  n  1 1  e  s  in  t  r 

predicted  values  of  wind  soeed,  subsidence,  t  <•  er.mj 

a dv e c  t i o n ,  a n d  m o i s t u r e  a dv ec  t i o n  m a y  n a v e  a  g r sate r 
influence  on  the  predictive  ability  of  the  coupled  model 


than  anv  advantages  gained  through  coupling. 


great  deal  of  effort  has  been  expended  in  tne  d eve ■ comer t  ; - 
the  A6L  model  in  portraying  as  accurately  as  possible  t*s 
many  physical  factors  involved  in  the  evolution  of  the 
atmospheric  layer.  The  inclusion  of  the  capabi 1 i tv  to 
provide  ocean  forcing  in  the  model  is  worthwhile  on  tnss 
basis  alone. 

Conditions  under  which  major  differences  may  be  observed 
between  the  coupled  and  uncoupled  ABL  model  are  summarized 
as  follows: 
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2.  The  formation  of  stratus  may  oe  predicted  oetter 
the  coupled  mode!  in  those  cases  where  the  LCL  maintain 
height  slightly  above  the  inversion.  Under  such  cc-noit 
fluctuations  in  SST  can  be  critical. 

3.  Differences  may  be  more  significant  where  the  c 
mixed  layer  is  shallow  with  a  steep  gradient  below 


layer.  Rapid  decreases  in  SST  may  occur  under  t 
conditions  which  can  nave  a  strong  influence  : n 
evo i u  1 1  on  of  the  a  tmos  oh  eric  i  aver  . 

4.  Short  term  changes  in  SST  can  have  a  signi-i 
effect  on  the  formation  of  fog  when  a  low  altitude  str 
layer  already'  exists.  In  modeling  suer,  cases,  the  ::j 
model  can  demonstrate  significant  differences  from  tre 


mode  1  . 

Although  under  most  conditions  the  benefits  of  ecus 
to  the  ABL  model  may  be  minor,  this  is  not  the  case  for 
C'BL  model  .  The  predictive  ability  of  the  OBL  model  may 
enhanced  si gn i f i can t 1 y  through  coupling,  where  a 
physically  accurate  portrayal  of  the  atmospheric  fc 
driving  the  OBL  may  be  acheived.  Realistic  modeling 
radiation  and  latent  and  sensible  heat  fluxes  over  s 
time  scales  can  be  provided  to  the  OBL  model  in  no  o 
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s ? r  a  ? u  s  f orma  t ;  on  1  s  or  «d:c 
In  t n S'  * bssncs  o f  =  n o r e 


o-  a  r  - 1  •:  u 


support  or  for 


term  prediction, 
single  station  as 
coupled  model  a  I  s 
t  o o I  for  t  n  e  s 
interactions.  As 
study  of  air- 


the  coupled  model  offers  a  mu’ 
sessmen  t  and  prediction  capaoi 
o  has  the  potential  to  become  a 
tudy  of  processes  involved  in 
an  example,  the  model  could  be  u 
sea  processes  impacting  a 


tr ansf orma t i ons ,  as  in  the  case  of  cold  air  outbr 
warm  tropical  waters.  Further  studies  of  th 
capabilities  should  include  verification  against 
data  set  where  the  effects  of  advection  and  vesse' 
are  at  a  minimum.  The  data  set  snouid  incl 
condi t i on s ,  as  po i n  t  ed  ou  t ,  wh i c h  pr  ov 1 de  the 
1  ike!  i  h  ooo  of  sh  ow  i  n  g  ma.j  or  d  i  f  f  er  en  c  es  in  the  re 
the  coupled  mode!  versus  that  of  tne  uncoupl  ed  C'EL 


mode  1  s 
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